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Fish in the Upper Colorado River Basin, 1995-96

—by Verlin C. Stephens and Jeffrey R. Deacon

As a part of the U.S. Geological Sur-and urban areas, to the hydrologic syste
vey National Water-Quality Assessment through soil erosion, runoff, and precipi-
(NAWQA) Program, hydrologic and tation. Due to the persistence, bioaccum
water-quality assessment of the Upper lation, and hazards of these compounds
Colorado River Basin (UCOL) study unit the use of many organochlorine pesticide
began in 1994. Prior to the design of the has been banned or severely restricted i
integrated studies of water quality in the the United States. Organochlorine com-
basin, a retrospective investigation was pounds are extremely persistent in the
conducted to determine the availability of environment and have the unique
historical water-quality data and the loca{property of concentrating in sediment
tion of previous research that occurred inand in the fatty tissue of aquatic life
the UCOL. The findings indicated that (Ware, 1989).
minimal data had been collected regard-
ing the occurrence and distribution of This fact sheet presents data for
organochlorine pesticides and polychlori-detections of selected organochlorine
nated biphenyls (PCB'’s) in streambed compounds in streambed sediment and

sediment and whole-body fish in the whole-body fish. Data for all the com- - =
UCOL study unit (Deacon and Stephenspounds detected in samples collected fofss f._ ii ] T -

1996). this study are in the U.S. Geological Sur: =

vey National Water Information System

Organochlorine pesticides and (NWIS) data base.
PCB'’s, all of which are organochlorine .
compounds, have been specifically tar- Typical high-elevation stream in the UCOL
geted by standards and guidelines that Description of Sampling Unit Sy it
exist to protect water quality for human and Study Approach tional data regarding the occurrence and
and wildlife health. In 199596, a survey distribution of organochlorine com-
of selected organochlorine pesticides and  The UCOL study unit (fig. 1) pounds. Sampling sites in the eastern part

PCB’s was conducted in the UCOL to  encompasses about 17,800 square milesf the study unit represent a high-altitude
(1) determine their distribution and con- and has varied climate, geology, hydrol- environment of small, clear, cool streams
centrations in streambed sediment and ogy, soils, topography, and land uses. dominated by forest and rangeland.
whole-body fish, and (2) compare these Water quality throughout the basinis  Adverse human effects on water quality in
concentrations to established water- directly affected by these natural (physi- these areas predominantly are mining,
quality guidelines. ography, altitude, geology, climate, soils)increasing urban development, recre-
and human (population, land use, water ational use, and hydrologic modifications
Organochlorine compounds are allocation and use) factors (Apodaca anddams and diversions). Sampling sites in
unique because their presence can resulothers, 1996). Sampling sites were the western part of the study unit are rep-
only from human activitiesThese com-  selected to characterize differences resentative of a more arid climate domi-
pounds disperse from their original point among these environmental settings andnated by larger, warmer, sediment-laden
of application, typically agricultural fields various land uses and to acquire addi- streams. Human effects on water quality



Table 1. Sampling-site information

[Sites listed indicate collection of streambed-sediment samples and type of whole-body-fish samples as noted; na, nmi&yadahm miles]

_ Sample Sample .

Site . L : collection  collection Drainage  Typeof whole-
number Site name Siteidentifier Sitetype date, date, area body-fish sample
(fig. 1) streambed  wholefish ~ (mi?) used for analysis

sediment tissue
1 Colorado River below Baker Gulch 09010500 Reference 10/10/95 08/17/95 53 Brown trout
2  French Gulch near Breckenridge 09046530 Mining 10/05/95 na 11 No fish found
3 BlueRiver below French Gulch 392944106024400 Mining 10/05/95  08/25/95 69 Brown trout
4  Gore Creek at mouth near Minturn 09066510 Urban/Recreation  10/10/95  08/15/95 102 Brown trout
5 East River below Cement Creek 09112200 Urban/Recreation  10/13/95  10/16/95 238 Brown trout
6  Gunnison River at County Road 32 383103106594200 Mixed 10/13/95 08/16/95 2,128 Brown trout
7  Gunnison River below Gunnison Tunnel 09128000 Reference 10/13/95 09/21/95 3,965 Brown trout
8  Uncompahgre River near Ridgway 09146200 Mining 10/12/95  10/17/95 149 White sucker
9 Colorado River a Dotsero 09070500 Mixed 10/10/95  08/23/95 4,394 Brown trout

10 Dry Fork at upper station near De Beque 09095300 Reference 10/11/95 na 97 No fish found

11  Colorado River near Cameo 09095500 Mixed 10/11/95 08/23/95 8,050 Bluehead sucker

12  Dry Creek near Begonia Road 09149480 Agriculture 10/12/95  08/18/95 175 White sucker

13  Tongue Creek near Cory, CO 09144200 Agriculture 10/12/95  08/24/95 200 White sucker

14  Gunnison River near Grand Junction 09152500 Mixed 10/12/95 08/16/95 7,928 Bluehead sucker

15 33 Road drain near mouth 390347108265800  Agricultural drain  09/17/96 na na No fish collected

16  Appleton drain near mouth 390624108374900  Agricultural drain  09/17/96 na na No fish collected

17  Copeco drain near mouth 390723108400500  Agricultural drain  09/17/96 na na No fish collected

18  Reed Wash near Mack 09153290 Agriculture 11/20/95  11/21/95 16 Flanrlzel mouth

sucker

19 Cé)tlgtraﬁo River near Colorado-Utah 09163500 Mixed 10/11/95 08/17/95 17,843 Bluehead sucker

eline

in these areas are predominantly agriculthe sampling sites and were analyzed forconsisted of a composite of seven simi-
ture, water development, and increasing 28 organochlorine pesticides and PCB's.larly sized fish of the same species. The
urban development and recreational use Five of the sites sampled for streambed predominant species collected in the east-
ern higher altitudes was brown trout and
sampled, for fish (table 1). Samples of the predominant species collected in the
body-fish samples were collected in fall streambed sediment and whole-body fishwestern lower reaches of the basin was
1995 and 1996 (fig. 1, table 1) for analysiswere collected, processed, and analyzedthe sucker. Each fish collected was
weighed, measured, sexed, and aged. Fish

of concentrations of organochlorine pestiin accordance with NAWQA protocols

Streambed-sediment and whole-

cides and PCB’s. Nineteen sites were

lyzed for 33 organochlorine pesticides
and PCB'’s. Whole-body-fish samples

sediment did not contain, or were not

(Crawford and Luoma, 1993; Shelton andalso were closely scrutinized for signs of
sampled for streambed sediment and an&apel, 1994). Sample collection was lim-disease, parasites, or other abnormal
ited to stream reaches that averaged 15Ceatures. Samples were prepared for the
200 meters (m) in length for each of the organochlorine and PCB analyses by
were collected by electroshocking at 14 ofwadeable sampling sites and 500—750 mwrapping the individual whole fish in
aluminum foll, freezing the sample, and

in length for the non-wadeable sites.
Twenty to 25 individual subsamples of

streambed sediment from the upper 2 cen-
timeters were collected from a variety of
undisturbed, continuously wetted deposi-
tional zones. The subsamples were com-

shipping to the laboratory for analysis.

posited into a glass container, homo-
genized, and sieved to < 2 millimeters. h -
The samples were then frozen and ' X
shipped to a laboratory for analysis. Each L Rl Y ey
of the whole-body-fish samples collected '

Bed-sediment sample collection.
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Figure 1. Land use and sampling site locations in the Upper Colorado River Basin Study Unit.

Established Guidelines effect level (PEL). The TEL represents
the guideline concentration of sediment
The Provincial Sediment Quality  contamination below which adverse
Guidelines (PSQG) (Environment Can- effects are expected to rarely occur. The
ada, 1995) were used to compare conceREL represents the guideline concentra-
trations of organochlorine pesticides andtion above which adverse effects are
PCB'’s in streambed-sediment samples expected to frequently occur. Concentra-
collected in this study. These guidelines tions that fall between the TEL and PEL
are based on chronic and long-term are levels at which adverse effects are
effects of contaminant concentrations onexpected to occasionally occur (Environ-
benthic organisms. The PSQG establishment Canada, 1995). The only national
two assessment values for some of the guidelines available for evaluating orga-
organochlorine and PCB contaminants nochlorine-compound concentrations in
Electroshocking from a boat at a non-wadeable  @nalyzed in this study: the lower thresholdvhole-body fish have been established by
site. effect level (TEL) and the higher probablethe National Academy of Sciences and




National Academy of Engineering (NAS/|», 100c—+———F+—F+—1"1TT1T"""1T"T"TT—"TTT 1T T3 el
NAE). These guidelines apply to the pro- % E _ ' 3
tection of wildlife that consume fish g - AR E e G S T .
(National Academy of Sciences and 5= 100 - N p.p-DDE in whole-body fish
National Academy of Engineering, 1973) ;% =
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Dichloro dipheny| trichloro- (CORRESPONDS TO SITE NUMBER IN TABLE 1 AND FIGURE 1)
ethane (DDT): DDT is a well- Figure 3. Concentrations of p,p'-DDE in streambed sediment and whole-body fish.

documented, persistent organochlorine

compound that has been banned from ud&ad a total DDT concentration of Jh/kg concentrations at two agricultural drain

in the United States since 1972. The six in whole-body fish. This concentration sites (site 15, 5@g/kg; site 17, 1ug/kg)
degradation products of DDT were ana- was higher than other samples collected igreatly exceeded the PEL (6.[48/kg)

lyzed for, and the sum of the individual the eastern, higher altitude sampling sitegfig. 3). All seven of these samples were
concentrations are denoted as total DDTand might be attributed to residues from collected from agricultural and mixed

in this fact sheetlotal DDT was detected applications of DDT to forested areas forland-use sites in the western part of the
in streambed-sediment samples at 7 of the control of spruce budworm in the  study unit. P,p-DDE also was detected in
19 sites and in whole-body-fish samples at950’s (L.F. Carter, U.S. Geological 12 of 14 samples collected for whole-

12 of 14 sites (fig. 2). DDT was the most Survey, written commun., 1997). Total  body fish; however, none of the concen-
frequently detected organochlorine com-DDT concentrations in whole-body fish trations exceeded NAS/NAE guidelines.
pound, with the highest concentrations were highest at agricultural and mixed

found in the UCOL study unit.The high- land-use sites. The concentration of totalChlordane: Chlordane is highly toxic
est concentrations detected in streambe®DT in whole-body-fish samples col-  to fish and historically was used as a con-
sediment samples were collected from lected at site 12 (983g/kg), an agricul-  tact insecticide until 1980 when it was
sites 15, 16, and 17, which are agriculturatural site, approached the NAS/NAE banned except for termite control and
drains. Concentrations of the samples cogiuideline of 1,00Qug/kg for the protection wood treatment. In this fact sheet, the sum

lected at these sites exceeded the PSQ®f wildlife that consume fish. of the chlordane isomersi¢-chlordane,
TEL of 6.98ug/kg (micrograms per kilo- trans-chlordanegis-nonachlortrans

gram) for total DDT. None of the sites Dichloro diphenyl dichloro- nonachlor, oxychlordane, and heptachlor
exceeded the PEL of 4,45@/kg. ethylene (p,p'-DDE) : P,p'-DDEisa epoxide) is referred to as “total chlor-

degradation by-product of DDT and has dane.” None of the chlordane isomers
Samples collected at sites 3 and 7 separate PSQG guidelines established favere detected in streambed-sediment
had no detections of total DDT in whole- concentrations of this individual isomer insamples, but some were detected in
body fish. Samples collected at site 1, a streambed sediment. Of the seven sampleghole-body-fish samples collected at
reference site (a reference site is one thatollected that had detections in some agricultural and mixed land-use
is used to determine background or natustreambed sediment, all concentrations sites (fig. 2). Total chlordane concentra-
rally occurring water-quality conditions) exceeded the TEL (1.4®/kg). Sample tions for whole-body-fish samples ranged
from 25.2 to 86.41g/kg. Whole-body-fish

% e NASINAE samples collected at site 18, an agricul-

- I e tural land-use site, had the highest total

9 Total DDT in streambed sediment ] chlordane concentration (86u4/kg) and

55 100 B Total DDT in whole-body fish I l approached the NAS/NAE guideline for

i% E Total chlordane in whole-body fish § WhOIe'bOdy fish of 1009”‘9-

=9 C ]

§§ i | Polychlorinated Biphenyls

s 3 | . (PCB's) : PCB’s are well-documented,

z 8 persistent organochlorine compounds that

g have been banned since 1979. Histori-

8 Y72 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 cally, these compounds primarily were
(CORRESPONDS TO SITEI-II\-IEI\'\/IJBI’\EARBIIEI\TTABLE 1 AND FIGURE 1) used as industrial heat_eXChange and

dielectric fluids used in capacitors and

Figure 2. Concentrations of total DDT and total chlordane in streambed sediment and whole- transformers. PCB’s were detected only

body fish.



in whole-body-fish samples at site 8

(fig. 4), a mining land-use site, with a
concentration of 180g/kg. The NAS/

NAE guideline for whole-body fish is

500pg/kg.

Dieldrin : Dieldrin also has been
banned from use in the United States. Th
PSQG guidelines for dieldrin are a TEL
of 2.85 and PEL of 6.6j4g/kg. Dieldrin
was detected in streambed sediment at
two agricultural drain sites (15 and 16);
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100}
DCPA in streambed sediment

[ DCPA in whole-body fish

Toxaphene in whole-body fish
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SITE NUMBER

(CORRESPONDS TO SITE NUMBER IN TABLE 1 AND FIGURE 1)

CONCENTRATION, IN MICROGRAMS

however, only site 15 exceeded the TEL Figure 5. Concentrations of DCPA and toxaphene in streambed sediment and whole-body fish.

guideline with a concentration of
3.5ug/kg (fig. 4). Dieldrin was the second

in this study that has not been banned  Water-Quality Implications

most frequently detected organochlorine from use. DCPA was detected in trace

compound (5 of 14 sites) in whole-body-
fish samples. Concentrations of dieldrin

amounts in streambed-sediment samples
collected at agricultural sites. The

Organochlorine pesticides and
PCB’s were more frequently detected and

in whole-body-fish samples occurred prestreambed-sediment sample collected were at much higher concentrations in

dominantly at agricultural land-use sites,

from site 17 had the highest concentratiorwhole-body-fish samples than in

and concentrations at all sites ranged fron@t 10pg/kg (flg 5) DCPA was detected streambed-sediment samples. Six of
6.0 to 71ug/kg. The highest concentra-
tion of 71pg/kg from site 12 was less
than the NAS/NAE guideline of 1Q@y/

Weighing and measuring of individual fish.

Dacthal (DCPA) : Dacthal, more

in whole-body-fish samples at three sites33 individual organochlorine compounds
(12, 14, and 19) with concentrations analyzed for were detected in streambed-
ranging from 32 to 51g/kg. There are no sediment samples. Eighteen of the
established guidelines for concentrations28 individual organochlorine compounds

of DCPA in streambed sediment or
whole-body fish.

Toxaphene : Toxaphene (Cam-

analyzed for were detected in whole-
body-fish samples. Although the use of
organochlorine compounds such as DDT,
chlordane, and PCB'’s was discontinued in

phechlor) was widely used as a preharveshe early 1970’s, all of these compounds
insecticide for cotton, grains, vegetables,were detected in whole-body-fish samples
and fruit. Toxaphene was banned in 1982nd, to a much lesser extent, in stre-
after it was used to replace DDT as an ambed-sediment samples collected in the
agricultural insecticide. Toxaphene was UCOL study unit.The sites with the most
only detected in whole-body-fish samplesdetections and highest concentrations of
(fig. 5) at site 18 (30@ug/kg), an intensive organochlorine compounds in streambed-
agricultural land-use sit€oncentration  sediment and whole-body-fish samples
at this site exceeded the NAS/NAE guidegenerally were located in the western,

commonly known as DCPA, is used as aline (100ug/kg) for toxaphene concentra-lower reaches of the basin, which includes

selective preemergent herbicide. It is contons in whole-body fish.
sidered a general hazard to fish and is the

some mixed land use but which generally
is agricultural.

only compound analyzed for and detected

Site 12 had the most detections of

organochlorine compounds in streambed-

PER KILOGRAM

10k

L sediment and whole-body-fish samples.
Dieldrin in streambed sediment Site 15 was sampled only for streambed
[ Dieldrin in whole-body 1 nasNAE sediment but had concentrations of a deg-
100¢ b 5 guideline radational form of DDT (p,p'-DDE) that
Tgéﬂypf%ﬁls in whole- ] exceeded PSQG guidelines by more than

1 eight times the PEL. In addition, all other
I E organochlorine compounds detected in
l l l | l streambed sediment at this site exceeded
] the TEL, and some exceeded the PEL.

CONCENTRATION, IN MICROGRAMS

1 | | | | | | | |

| | |
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SITE NUMBER
(CORRESPONDS TO SITE NUMBER IN TABLE 1 AND FIGURE 1)

2 3 4 5 6 7 8

Concentrations of toxaphene in whole-
body-fish samples collected from site 12
exceeded levels established for the protec-

Figure 4. Concentrations of PCB’s and dieldrin in streambed sediment and whole-body fish.

tion of wildlife that consume fish.
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Bldg. 53, Denver Federal Center
Mail Stop 415, Box 25046
Denver, CO 80225-0046
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